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Motivation
• It is important to test Gravitational Theories-General Relativity in particularwherever they can be tested.
• Accurate measurement of time delay is a promising method for detecting possible deviations from General Relativity (GR).
• Some scalar-tensor extensions of GR predict deviations from general relativity in the range
• The best measurement of γ came from the Cassini mission: • Two-way measurements between a "near" spacecraft orbiting at the L-1 point, 1.5 million km from earth, and a distant spacecraft in the ecliptic plane, with orbital period 2 years and eccentricity 0.37.
• Solar conjunctions occur 1, 3, 5 years after launch.
• The most accurate time delay measurements are assumed to be made over roughly 8 day time periods around each solar conjunction.
• Nearly continuous measurements over longer periods are expected to improve the accuracy for γ by improving its separation from orbit parameters.
• The rate of change of the impact parameter is 1.9 solar radii per day.
• Low-noise space borne optical clock • Drag-free spacecraft • Laser transponder on distant spacecraft, transmitter on nearby spacecraft Requirements:
6 Spacecraft clock noise
• Laser-cooled atoms in optical lattices and other schemes appear capable of providing highly accurate optical clocks that can be flown in spacecraft, with suitable development.
For example: a power spectral density amplitude has been demonstrated in the lab based on the 698 nm line of Sr 87 (Ludlow et al., Science, 2008) The 435 nm line of Yb + may be a better possibility for early space qualification.
• Our simulations assume a power spectral density amplitude down to 1 microhertz. Only white frequency noise is considered.
• For measurements extending over 3 hours, short-term clock jitter will limit the time delay precision to about 0.02 picoseconds.
• The main accuracy limitation for determining γ comes from clock frequency variations over the entire measurement time. • For a 2-year period orbit for the distant spacecraft, aphelion occurs near conjunction so the spacecraft temperature will not change much during main observing period.
• Much of the desired performance for LISA has been demonstrated in the laboratory with torsion pendula, and will be verified on ESA's LISA Pathfinder Mission. 
Shapiro time delay (Log term)
The logarithmic time signature is unlike other time signatures that occur in the problem and allows the effect of γ to be picked out. 
Noise Analysis
• We model the logarithmic time delay expression that will be observed by
• We assume optimal Wiener filtering of the data can be used to extract the value of γ:
3.8 10 ; 1.9solar radii/day; M=< log ; 0.75days; 4 days.
• Only about 5% of the integral of g(f) 2 comes from frequencies below 1 microhertz.
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Changes in the round-trip travel time
• The required accuracy is sub-picosecond, so timing with short laser pulses is ruled out.
• With a highly stable laser available, continuous carrier phase measurements with very high accuracy are possible. The observable for travel time variations is the integrated Doppler phase. However, cycle slips must be minimized.
• The main challenge is systematic measurement errors that drift with time. The gravitational time delay increases by 64 microseconds from 4 to 0.75 days before conjunction, then decreases by the same amount afterwards.
A worst case drift of 0.1 ps in the round-trip timing error before conjunction with an opposite drift afterwards would give an error contribution for γ of 9 3 10 .
Simulations including the effects of orbit determination uncertainties
• Simulations of the proposed gravitational time delay measurements have been carried out for the case of both orbits in the ecliptic and only 8 days of measurements.
• Uncorrelated 0.02 ps uncertainties are assumed for the round-trip travel time measurements over 3 hour periods, based on the assumed white clock frequency noise of down to at least 1 microHz.
• Spurious accelerations have not been included yet, but their effect is expected to be small over the assumed 8 day measurement span.
• All of the in-plane orbit parameters, plus γ, are solved for.
• The resulting uncertainty for γ is
• Simulations over roughly 20 days that include a model for the drag-free system noise down to at least 0.4 microHz are planned.
